In a 4×3 factorial experiment, six hundred 31-week-old laying hens were fed diets containing 0, 25, 50 and 100 g/kg linseed with control, 0.3 mg/kg organic selenium (OrSe) and 0.3 mg/kg inorganic selenium (InSe) to determine the effects of diet on performance, eggshell parameters, egg fatty acid composition and selenium (Se) content of eggs. Laying hens were randomly assigned to 12 experimental groups with 5 replications. Linseed supplementation decreased egg production (d 1-30), feed consumption (d 1-30 and 1-90) and egg weight (d 60-90 and 1-90). Shell weight and thickness decreased when dietary linseed was increased. There were interactions between Se and linseed in feed consumption, feed efficiency, damaged egg ratio and shell thickness. The inclusion of InSe and OrSe increased the Se content of the eggs. Docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), α-linolenic acid (ALA) and n-3 fatty acid concentrations in egg yolks increased with increasing dietary linseed. There were also interactions between linseed and Se in ALA and n-3 fatty acid concentrations. In conclusion, the addition of linseed to the diets increased DHA, EPA, ALA and n-3 fatty acid concentrations in egg yolks, and the addition of Se increased the Se content of the eggs. Egg fatty acids (ALA, n-3 fatty acid) were increased by supplementing dietary linseed with OrSe.
INTRODUCTION
The poultry industry has been developing rapidly, and the production of eggs, which are a very important source of animal protein in the human diet, has increased significantly. However, because eggs contain high levels of cholesterol, their consumption has not been increasing proportionally. To alleviate this problem, the composition of diet given to poultry should be altered by the addition of different feedstuff. The amount of n-3 fatty acid in eggs can be increased by adding feedstuff that is rich in n-3 fatty acid [1] [2] [3] [4] . When 50, 100, and 150 g/kg linseed were added to the diets of laying hens, statistically high levels of 2.31, 4.1 and 6.83% DHA were found in their eggs, respectively 3 . In another trial, although there was an increase in C18:3 n-3 and its metabolites EPA and DHA, there was a decrease in arachidonic acid, a metabolite of linoleic acid (C18:2n-6), and in n-6/n-3 fatty acids in egg yolks of laying hens fed with diets containing high amounts of linseed 5 . Feeding laying hens diets with enriched n-3 fatty acid led to increased n-3 fatty acid levels and decreased n-6/n-3 fatty acid levels in eggs 6, 7 .
Selenium is a natural antioxidant, and it is an essential component of several major metabolic pathways, including thyroid hormone metabolism, antioxidant defence systems, and immune function. The adult human's requirement for Se ranges from 30 to 40 µg depending on daily food intake. Most of this Se requirements can be met by a Se-enriched foods such as Se-enriched eggs. Also Se-enriched eggs contain selenium ranges from 9.6 to 15 µg [8] [9] [10] . Historically, the Se source that has been used is the inorganic sodium selenite for production Se-enriched eggs. However, in these days, an organic source of Se was approved for use as a feed supplement in poultry diets for production Seenriched eggs 9, 11 . This organic source is a Se-enriched yeast that is produced by growing the yeast Saccharomyces cerevisiae in a high-Se medium 9, 12 .Researches comparing InSe with OrSe in laying hens have been published, and the results from these experiments are consistent. Whole-egg Se concentration is increased by InSe and OrSe supplementation as dietary level increases, but OrSe supplements have been reported to increase Se levels in eggs more than InSe 8, [13] [14] [15] . Additionally, Se supplementation with linseed might be increase the concentrations of EPA and DHA in the egg because of Se and PUFA may interact, possibly through the action of the Se-dependent Glutathione peroxidase (GSH-Px) 16 .
The goal of this research was to determine the effects of adding different levels of linseed to layer hens diets, either alone or in combination with OrSe and InSe on egg production, daily feed intake, feed conversion, egg weight, damaged egg ratio, specific gravity, shell weight, shell thickness, oil ratio, egg fatty acid composition and Se content of eggs.
MATERIAL and METHODS

Experimental Design and Animals
A total of 600 Lohmann LSL hybrid laying hens aged 31 wk were placed in a completely enclosed, fan-ventilated light-(15L:9D) and temperature-(20 o C) controlled room. The hens were housed in metal cages (55x45x40 cm) with 5 hens in each cage (2 cages per replication). Food and water were available ad libitum. Hens were reassigned to cages according to a randomised complete block design consisting of 12 treatments in 5 blocks (10 hens per replication, giving 50 hens per experimental group). The experimental period was 100 d.
Diets and Feeding
The composition of all the diets is shown in Table 1 . Trials were carried out according to a 4×3 factorial arrangement. The four groups received diets supplemented with 0, 25, 50, and 100 g/kg linseed, respectively. Because linseed has very little grains, it may not be milled properly, and the oil extracted may stay in the feed breaker. To avoid this, linseed was milled with corn so that the oil extracted was absorbed by the corn. Diets were formulated to be equal in protein, metabolisable energy, lysine, threonine, methionine, calcium and phosphorus. Afterwards, 0.3 mg/kg of OrSe (Sel-Plex 50, Alltech Inc., USA) and InSe (sodium selenite) were added to the feed of each control group. Limestone was first added to the Se supplement, then was increased gradually and mixed with the feed. Commercial vitamin and mineral premixes without Se were also mixed into the feeds.
Hen-d Egg Production
Hen-d egg production was recorded for 10 d, and similar pre-production values for treatments were ensured. Hen-d egg production was then recorded daily at the same time and calculated as the total number of eggs collected divided by the total number of live hens per day in each group. The collected eggs were classified as normal or damaged; the latter included the following: broken eggs (an egg with a broken shell and destroyed membrane), cracked eggs (an egg with a broken shell but intact membrane) and eggs without shells (an egg without a shell but with an intact membrane). Feed consumption (FC) and feed efficiency were determined at 15-d intervals.
Egg Weight and Eggshell Parameters
Egg weight and specific gravity were determined monthly using the methods described by Hamilton 17 and Hempe et al. 18 . Ten eggs were taken from each replication at 0, 30, 60 and 90 d for two consecutive d. The shell thickness and shell weight of these eggs were measured 19 .
Fatty Acid Analyses
On d 0, 30, 60 and 90 of the trial, five eggs were randomly taken from each replication. Total lipid was extracted from the egg yolk samples by the method suggested by Folch et al.
21
. Egg yolk samples (4 g) were homogenised with 80 ml of a 2:1 (v/v) mixture of chloroform and methanol, after which 4 ml 0.88% sodium chloride was added. The liquid was mixed and left to stand for two h to allow phase separation 22 . The chloroform-methanol extract was evaporated to dryness in a water bath at 50°C under N 2 flow. Lipid extracts were then converted to fatty acid methyl esters by using a boron-trifluoride-methylation solution (Supelco, catalogue no. 3-3021).
Gas Chromatographic Analysis Procedure
The fatty acid methyl esters were separated and analysed by a Shimadzu 15-A gas chromatograph equipped with a dual flame ionisation detector and a 1.8 m×3 mm internal diameter packed glass column containing a 100/120 Chromosorb WAW coated with 10% SP 2330. The injector and detector temperatures were 225 and 245°C, respectively. The column temperature program began at 190 o C for 35 min and was then increased by 30 o C min -1 to a final temperature of 220 o C, which was maintained for 5 min. Nitrogen supplied at a flow rate of 20 ml/min was used as the carrier gas. Conditions were chosen to separate fatty acids of carbon chain lengths 14 to 22. The fatty acids were identified by comparison of retention times with known external standard mixtures and were quantified by a Shimadzu Class-VP Software System. Results were expressed as percentage distribution of fatty acid methyl esters. All chemicals used for gas chromatography analysis 
Determination of Selenium Content in Eggs
Five eggs from each replication were collected at d 30, 60 and 90. To determine their Se content, whole eggs were digested in a mixture of HNO 3 and H 2 O 2 . Mineralisates were diluted with deionised water, and Se content was determined by inductively coupled plasma mass spectrometry using an ICP-MS Varian instrument (Varian Australia, Cleyton South, MDC) 23 .
Statistical Analysis
Statistical analyses for FC, feed efficiency, damaged egg ratio, egg weights, eggshell parameters, and the Se and fatty acid concentrations of eggs were performed using the GLM procedure. Data were analysed by ANOVA for a randomised complete block design with 12 dietary treatments in a 4x3 factorial arrangement. The ANOVA model included the effects of linseed, Se, and the interaction of linseed and Se. Any significant (P<0.05) differences were further analysed by Duncan's multiple range test 24 . Experimental procedures were approved by the Selcuk University Veterinary Faculty Ethics Commission.
RESULTS
The value of the performance and eggshell parameters of the groups are shown in Table 2 . The fatty acid compositions of egg yolks at d 30 and 60 are shown in Tables 3 and 4, respectively. The final fatty acid composition of the egg yolks at the end of the trial are shown in Table 5 , and the selenium content of the eggs is shown in Table 6 .
Composition of Linseed
The linoleic acid, ALA, n-3 fatty acid, n-6 fatty acid, SFA and UFA levels of linseed were determined to be 15.57, 50.64, 53.34, 15.57, 14.31 and 85.69 g/100 g, respectively.
The dry matter, ash, crude protein, dry fiber and ether extract parameters were determined to be 962.3, 29.9, 207.7, 261.9 and 376.8 g/ kg, respectively and metabolizable energy value were calculated as 15.65 MJ/kg.
Performance
Linseed suplementation to the diet at 100 g/kg significantly decreased egg production during d 1-30 (P<0.05). Feed consumption was significantly lower in the linseed groups than the control group during the d 1-30 (P<0.001) and also was significantly lower 25 g/kg group than the control group at d 1-90 (P<0.001). There was no difference in feed efficiency between the linseed fed and Se-added groups. There was some interaction (P<0.05) between the Se and linseed groups on d 60-90 and 1-90 in egg production, feed consumption (except for d 1-90) and feed efficiency (Table 2) .
Egg Weight and Eggshell Parameters
There were differences in egg weight throughout the whole trial period except during d 30-60 in the linseed groups (P<0.05). Linseed supplementation decreased shell weight in the all linseed groups and thickness in the 100 g/kg linseed group. (P<0.05). The addition of Se did not change the eggshell parameters, but there was an interaction (P<0.05) between Se and linseed in shell thickness (Table 2 ).
Fatty Acid Composition of Egg Yolk
Fatty acid composition analysis of egg yolks for linoleic acid, ALA, n-3 fatty acid, n-6 fatty acid, saturated fatty acids (SFA) and unsaturated fatty acids (UFA) was completed on d 1 of the trial. The measured values were 0.37, 21.03, 1.35, 22.00, 32.77 and 67.23 g/100 g fatty acids, respectively. Docosahexaenoic acid, EPA, ALA and n-3 fatty acids in egg yolks increased with increasing dietary linseed (P<0.05). There were also interactions between the linseed and Se groups during d 60-90 involving ALA and n-3 fatty acids (Table 4, 
5).
On d 30, there were differences in the levels of C14:0, C16:0, C18:3n-3, C20:4n-6, C20:5n-3, C22:5n-3, C22:6n-3, n-3 and n-6 fatty acids, PUFA, SFA and UFA in the linseed fed groups and C14:0, C20:4n-6 fatty acids in the Se-added groups (P<0.05) ( Table 3) .
On d 60, there were differences in the levels of C14:0, C16:0, C18:0, C18:1n-9, C18:3n-3, C20:4n-6, C20:5n-3, C22:5n-3, C22:6n-3, n-3 and n-6 fatty acids, PUFA, monounsaturated fatty acids (MUFA), SFA and UFA in the linseed fed groups and C18:3n-3 and n-3 fatty acids in the Seadded groups (P<0.05) ( Table 4) .
On d 90, there were differences in the levels of C14:0, C16:0 C18:3n-3, C20:4n-6, C20:5n-3, C22:5n-3, C22:6n-3 and n-3 fatty acids, PUFA, SFA and UFA in the linseed fed groups and C18:3n-3 and n-3 fatty acids in the Se-added groups (P<0.05) ( Table 5 ).
Selenium Content of Eggs
The inclusion of InSe and OrSe increased the Se content of eggs (P<0.05). Egg selenium content was higher in the OrSe added group than in the control and InSe added groups on d 60 and 90 (Table 6 ).
DISCUSSION
Differences in egg production were found among groups fed with diets containing different amounts GÜRBÜZ, BALEVİ COŞKUN, ÇİTİL of linseed in the first 30 d of the trial, as seen in Table 2 .
Although the group fed a diet containing 100 g/kg linseed produced the lowest number of eggs, the control group produced the highest. In different periods of the trial, as well as throughout the whole trial time, there were no differences in egg production between the groups. An interaction was observed between the groups fed with linseed and Se. It is reported that adding linseed in different ratios to the diet did not affect egg production 25 . Similar results were also reported by other trials with the addition of 150 g/kg linseed 5 . On the other hand, egg production was increased in those fed with different amounts of linseed 26, 27 . The damaged egg ratio did not differ between the control, linseed fed and Se-added groups. However, there was an interaction between the groups fed with linseed and the groups fed with Se.
The lowest feed intake was in the 25 g/kg linseed group during d 1-90. There were interactions on d 60 and 90 for the groups fed with linseed and Se. The addition of 50, 100 and 150 g/kg linseed to the diet decreased feed intake compared to the control groups, as reported by Scheideler et al. 26 . Similarly, decreased feed intakes have been reported by others 28, 29 .
There were no differences in feed efficiency between the linseed-fed and Se-added groups. However, there was an interaction between the Se and linseed groups during d 60-90 and 1-90 in egg production, feed consumption and feed efficiency. Augustyn et al. 29 reported significantly decreased feed efficiency in the 50 g/kg linseed fed group.
The addition of linseed to the diets decreased egg weight during d 1-90. Although similar results were reported by some authors 3, 27 , no alteration was reported in another study 28 . Novak and Scheideler 25 also reported increased egg weights when laying hens were fed with 100 g/kg linseed. In the present study, increasing the amount of linseed in the diets led to decreased egg weight. The smaller egg size might be due to decreased n-6 fatty acid and increased n-3 fatty acid levels in the diets. It might also be due to a decrease in linoleic acid, commonly known as n-6 fatty acid, in the diets. Linoleic acid is an essential fatty acid that influences egg size 3 Shell weight decreased in the linseed groups and thickness decreased in the 100 g/kg linseed group. Similar 
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results were also reported in another study 3 . It has been hypothesised that the anti-nutritional compounds present in linseed impair the digestion and absorption of nutrients 30 . Thus may result in decreased calcium absorption and eggshell quality.
Adding increased linseed to the diet increased the C18:3n-3 levels in the egg yolk. Similar results were reported by some authors 3, 31, 32 . Scheideler and Froning 3 reported that 50, 100 and 150 g/kg linseed supplementation to diets increased the amount of DHA to 2.31, 4.18 and 6.83%, respectively. In the present study, the DHA amount in the linseed groups was significantly higher than that of the control group. Supplementation with 0, 100 and 200 g/kg linseed increased the amount of DHA to 51, 81 and 87 mg/ egg in another study 32 .
When the feedstuff was enriched with n-3 fatty acid, the n-3 fatty acid content of the eggs increased. Aymond and Elswyk 31 reported that when 50 and 150 g/kg linseed were added to the diet, the n-3 fatty acid levels in the eggs increased depending on the linseed amount in the diet. The result of this study is similar to our findings.
When the amount of linseed in the diet increased, n-6 fatty acid amounts in the egg yolk decreased proportionally. Although the highest SFA amount was obtained from the control group, the lowest one was obtained from the group fed with a 100 g/kg linseed diet. Our observation that there were no differences in the SFA ratios in the eggs from the control group and the group fed with 25 g/kg linseed diet are similar to the findings of others 33 . Additionally, these results also mean that increased dietary linseed decreases the SFA ratio, as found in our study and reported by others 33 .
The enrichment of feedstuff with UFA increased the egg UFA ratios significantly. The highest ratio was obtained from the group that consumed 100 g/kg linseed diet. Similar results were found at d 30, 60 and 90. An interaction was found between the linseed and Se groups in terms of C18:3n-3 and n-3 fatty acid amounts at d 60. The addition of OrSe to the diet increased the levels of C18:3n-3; as a consequence, n-3 fatty acid levels increased. The same results were obtained at d 90. When the linseed amount in the diet increased, the n-3 fatty acid in egg yolks increased and n-6 fatty acid in egg yolks decreased. Some researchers [34] [35] [36] have reported that a positive correlation was observed between concentrations of dietary UFA and Se. Also, Pappas et al. 37 reported that diets enriched in PUFA with selenium had a lower concentration of n-6 fatty acid and a higher concentration of n-3 fatty acid in egg yolks. Vitamin E and Se are key components of the antioxidant system, serving to reduce lipid peroxidation 38, 39 . Glutathione peroxidase (GSH-Px) is a selenoprotein and Se is an essential part of a variety of selenoproteins 40 .
Additionally, Wang et al. 41 reported that Se yeast supplementation significantly increased the activity of GSH-Px in egg albumen. In the current study, the interaction between Se and linseed in C18:3n-3 and n-3 fatty acid levels in yolk suggests that Se and PUFA may interact, possibly through the action of the Se-dependent GSH-Px. 16 .
The selenium content of eggs was different between . Paton et al. 43 also reported that the supplementation of OrSe and InSe revealed levels of 0.25 and 0.16 mg/kg Se, respectively, in eggs. Se supplementation increased the Se concentration in eggs, and this increase was generally proportional to the levels of dietary and OrSe supplementation, resulting in a greater increase in egg Se content than InSe 8, 13, 14, 43, 44 . Combs and Combs 45 reported that OrSe sources are actively absorbed and can be directly incorporated into protein, whereas InSe sources are passively absorbed by the body. Inorganic Se sources are required for selenocysteine synthesis, and this may explain why the Se content of eggs was higher in the OrSeadded group.
The addition of linseed to the poultry diet did not have any negative effects on egg production, feed conversion and damaged egg ratio, specific gravity and oil level in yolk. On the other hand, it decreased feed intake and eggshell weight and thickness. The fatty acid composition of the egg could change significantly depending on the diet. The addition of linseed to the diet resulted in the increase of C18:3n-3 and n-3 fatty acid levels in the egg yolks. In addition to these, OrSe and InSe addition to the diet increased Se content of eggs. Furthermore, our data indicate that OrSe results in a greater deposition of Se in the egg than does InSe, and that the addition of OrSe with linseed to the diet increased the C18:3n-3 and n-3 fatty acid levels in egg yolks.
